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Abstract 

Background: The use of adenoviral vector for gene therapy is still an important strategy for advanced cancers, 
however, the lack of the requisite coxsackie-adenovirus receptor in cancer cells and host immune response to 
adenovirus limit the application of adenoviral vector in vivo. 

Method: We designed the antiangiogenic gene therapy with recombinant PEDF adenovirus (Ad-PEDF) encapsulated 
in cationic liposome (Ad-PEDF/Liposome), and investigated the anti-tumor efficacy of Ad-PEDF/Liposome complex on 
inhibition of tumor metastasis. 

Results: We found that systemic administration of Ad-PEDF/liposome was well tolerated and resulted in marked 
suppression of tumor growth, and was more potent than uncoated Ad-PEDF to induce apoptosis in B16-F10 
melanoma cells and inhibit murine pulmonary metastases in vivo. After Ad-luciferase was encapsulated with liposome, 
its distribution decreased in liver and increased in lung. The anti-Ad IgG level of Ad-PEDF/Liposome was significantly 
lower than Ad-PEDF used alone. 

Conclusion: The present findings provide evidences of systematic administration of cationic liposome-encapsulated 
Ad-PEDF in pulmonary metastatic melanoma mice model, and show an encouraging therapeutic effect for further 
exploration and application of more complexes based on liposome-encapsulated adenovirus for more cancers. 
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Background 

Melanoma is a tumor of transformed melanocytes; and 
it is a potentially serious type of skin cancer [1], which is 
one of the most highly invasive and metastatic tumors. 
Malignant melanoma is an increasingly common malig- 
nancy, and its mortality rates have been rapidly increas- 
ing above those of any other cancer in recent years [2,3]. 
Melanoma can spread "silently" at an early stage without 
any symptoms of metastasis, and owing to the incidence 
of melanoma is increasing in last decades, the mortality rate 
of melanoma is still increasing [3]. Thus, it is imminent to 
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seek new strategies for treating patients with melanoma 
who are at high risk of metastasis. 

Angiogenesis plays a critical role in the process of 
growth and metastasis of primary solid tumors [4,5]. 
The endothelial cells are genetically stable and have no 
resistance via repeated administration [6-8]; so anti- 
tumor therapy is aimed at endothelial cells by inhibiting 
neovascularization and interrupting blood supplication 
for tumor, which could slow down the tumor growth 
[9,10]. The current review summarizes existing know- 
ledge of the mechanisms of angiogenesis in melanoma 
[11], and current anti-angiogenic therapeutic strategies 
and their targets confirmed the effect of anti-angiogenic 
therapy on melanoma [12-15]. 

Pigment epithelium-derived factor (PEDF) is a 50-kDa 
protein isolated from conditioned media of the retinal 
pigment epithelial cells as a potent endogenous inhibitor 
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of angiogenesis [16]. PEDF could inhibit the proliferation 
and migration of endothelial cells toward many angio- 
genic inducer, including platelet-derived growth factor, 
vascular endothelial growth factor (VEGF), interleukin-8, 
acidic fibroblast growth factor, and lysophosphatidic acid 
[17], and then suppress angiogenesis. PEDF could prevent 
melanoma growth via angiogenesis inhibition [2,18]. The 
lack of PEDF expression may contribute to the pathogen- 
esis of malignant melanoma [19]. Therefore, over expres- 
sion of PEDF could inhibit angiogenesis and the growth of 
malignant melanoma cells [18]. However, there are some 
setbacks in clinical application with PEDF due to difficul- 
ties and the high cost of producing large quantities of 
biologically active proteins and the short half-life of PEDF 
[17]. Gene therapy offers a preferable pathway to solve 
these problems. 

Adenoviral vector (Ad) is the widely utilized vehicle for 
gene transfer in a variety of gene therapies, because they 
can transfect many cell types [20-23]. However, due to the 
innate immunogenicity of adenovirus and its targeting cel- 
lular receptor dependency, such as Coxsackie-adenovirus 
receptor (CAR), the therapeutic effect of gene transfer 
therapy decreases. In addition, no better effect could been 
gained by repeating administration [24,25], as drugs only 
accumulate in the liver other than transport to other nor- 
mal tissues when intravenous administration of an adeno- 
virus vector [26,27]. Fortunately, recent studies suggest 
that Ad encapsulated with liposome may be an effective 
strategy to escape the neutralization caused by immune 
response and enhance gene transfer [28,29]. Given these, 
we studied that gene delivery liposome encapsulating 
adenovirus-encoding PEDF may be more efficient and 
safer treating strategy for improving gene therapy. 

In this study, we used anti-angiogenesis with gene 
therapy by developing PEDF encoding adenovirus; and 
then we used cationic liposome which was composed of 
(1, 2-dioleoyloxypropyl)-N, N, N-trimethy-lammonium 
chloride DOTAP: chol (cholesterol) to encapsulate the 
recombined adenovirus-encoding PEDF. We investigated 
the antitumor activities of the intravenous administration 
of cationic liposome-encapsulated recombinant PEDF 
adenovirus in C57BL/6 mice model that were planted with 
B16-F10 melanoma cells. Our study indicates that the 
complexes can not only be safe to recipient mice, but also 
generate enhanced and lasting antitumor effects in vivo, 
and makes for further clinical application. 

Methods 

Cell lines and animals 

B16-F10 cell line and the human embryonic kidney 
(HEK293) cell line were obtained from ATCC (American 
Type Culture Collection, Manassas, VA), and cultured 
in RPMI-1640 or DMEM medium (Gibco/Invitrogen, 
Carlsbad, CA) supplemented with 10% fetal bovine 



serum (FBS) plus ampicillin and streptomycin, and incu- 
bated in a 5% C0 2 , 37°C incubator routinely. C57BL/6 
mice (6-8 weeks old) were purchased from the Laboratory 
Animal Center of Sichuan University. All experiments 
were approved by the Institutional Animal Care and 
Treatment Committee of Sichuan University (Chengdu, 
China). 

Recombinant adenoviral vector construction and viral 
preparation 

A recombined adenovirus carrying PEDF gene (Ad-PEDF) 
was prepared as previously described, Ad-luciferase and 
Ad-Null was prepared as the construction of Ad-PEDF, 
except luciferase gene or no objective gene was inserted 
[30]. After Ad-PEDF, Ad-luciferase and Ad-Null was 
constructed, the viral particles were amplified in HEK293 
cells, which were maintained in DMEM medium with 
10% FBS plus ampicillin and streptomycin, and incubated 
in a 37°C humidified chamber with 5% C0 2 atmosphere. 
The harvested viral particles from the cultures were puri- 
fied by two-step cesium chloride (CsCl) gradient ultracen- 
trifugation and measured by absorption (A260). The virus 
titer was quantified using a standard TCID50 assay. 

Preparation of cationic liposome 

Cationic liposome was prepared as follows. Briefly, choles- 
terol and DOTAP (Sigma, USA) were mixed at a molar ra- 
tio of 1:1. Then trichloromethane and methanol were 
added into the mixture at volume ratio of 3:1. After rotary 
evaporation to remove the organic solvents and vacuum 
dehydration, the dried lipid film was hydrated with dis- 
tilled water. Then the lipid film was ultrasonicated to form 
liposome in ice bath and restored in 4°C. 

Test of Ad/liposome complexes with transmission 
electron microscope (TEM) 

The Ad-liposome complexes were visualized under an 
electron microscope by using a negative stain. Before TEM 
(H7650, Hitachi, Japan) observation, Ad/Liposome com- 
plexes were incubated for 30 min at room temperature, 
dripped on copper screens covered with nitrocellulose, 
followed by phosphotungstic acid for negative staining and 
drying in room temperature. 

Preparation of adenovirus-liposome complex and 
determine the particle size 

Fixed amount of adenovirus was added into liposomes, 
the suspension was gently mixed and incubated for 
30 min at room temperature. The particle diameter was 
analyzed using a particle size analyzer (Mastersizer 2000, 
USA) after the Ad-liposome complexes were performed. 
The resulting Ad-liposome complexes were prepared 
fresh at room temperature. 
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Optimization of liposome and Ad vector ratio and 
transfection in B16-F10 melanoma cells by the Ad-GFP/ 
liposome complexes 

B16-F10 melanoma cells were transfected with different 
liposome and Ad-GFP ratios. In brief, Cells were seeded 
into 6-well plates at a density of 5 x 10 5 cells per well and 
used at 70-80% confluence. Various amounts of liposomes 
(2, 5, 10, 15, 20 (ig, respectively) were incubated with a 
fixed amount of Ad-GFP for 30 min at room temperature, 
and then added to B16-F10 melanoma cells. At 72 h 
after infection, the percentage of GFP expressing was 
determined by Flow Cytometry (FCM) (Epics Elite ESP, 
Beckman Coulter, USA). 

Effect of neutralizing the antibody in vitro for B16-F10 
melanoma cells 

Neutralizing antibodies of Ad vector was prepared as 
before [31]. After obtained the neutralizing antibodies, 
complexes of Ad-GFP and DOTAP and cholesterol cat- 
ionic liposomes were used to infect B16-F10 melanoma 
cells with or without the serum containing the neutraliz- 
ing antibody at 37°C for 4 h. Then, cells were washed with 
phosphate-buffered saline to remove the complexes. An- 
other 2 ml fresh medium with 10% FBS was added. The 
expression of GFP in infected cell samples were visualized 
with an Olympus microscope at x 200 magnification after 
Cells were incubated for an additional 48 h. 

Expression of human PEDF carried by the Ad-PEDF/ 
liposme complexes in B16-F10 melanoma cells 

The procedure was performed as described previously 
[30]. Briefly, 5 x 10 5 B16-F10 melanoma cells were plated 
into 6-well plates and used at 70%-80% confluence. Then 
the cells were infected with the Ad-PEDF/Liposome 
complexes (at a ratio of 5 x 10 7 i.f.u. Ad-PEDF with 
10 \xg Liposome), Ad-PEDF or Ad-null. Multiplicity of 
infection (MOI) of each groups were 500. After infection 
for 72 h, supernatants were collected and stored at -80°C 
for western blotting analysis. The proteins of super- 
natant were separated by SDS-polyacrylamide gel elec- 
trophoresis (PAGE) and electronically transferred onto 
a polyvinylidene difluoride membrane (PVDF, Bio-Rad, 
Richmond, CA, USA). The blots were probed with a 
mouse anti-human PEDF monoclonal antibody (3:1000, 
mAb; R&D Systems, Boston, MA, USA) and a peroxidase- 
conjugated secondary antibody, goat anti-mouse IgG 
(1:10,000, ZSGB-BIO, Beijing, China). The protein bands 
were visualized by an enhanced chemiluminescence (ECL) 
detection system (Pierce, Rockford, IL, USA). 

Detect of apoptosis of B16-F10 melanoma cells in vitro 

B16-F10 melanoma cells were plated in 6-well plates with 
5 x 10 5 cells/well and cultured to 70-80% confluence at 
37°C in humid air containing 5% C0 2 . Then, cells were 



infected with Ad-PEDF/Liposome complexes (at a ratio of 
5 x 10 7 IFU. Ad-PEDF with 10 \ig Liposome), Ad-PEDF or 
Ad-null. Multiplicity of infection (MOI) of each groups 
were 500. After infection for 72 h, the efficiency of apop- 
tosis for B16-F10 melanoma cells was assayed by Flow 
Cytometry. 

Luciferase assay for Ad-luc/liposome distribution 

The viral distribution was analyzed by using the luciferase 
reporting system. In brief, on day 1, all the mice were ran- 
domly assigned into 4 groups and each group contained 3 
mice. Experimental group received 1 x 10 8 IFU. Ad-luc 
plus 20 \ig liposome while the control groups received 1 x 
10 8 IFU. Ad-Null and 1 x 10 8 IFU. Ad-luc (Ad-luciferase) 
in 0.1 ml normal saline (NS) via i.v. injection, respectively. 
Seven days later, the mice were sacrificed. Hearts, livers, 
spleens, lungs, and kidneys from each mouse were col- 
lected and individually stored in liquid nitrogen. Using a 
luciferase assay system kit (Promega, Madison WI, USA), 
we analyzed luciferase expression in each type of collected 
organs, according to the manufacturers instructions. 
Briefly, the same organs from the same group were pooled 
and ground to a fine powder in a mortar containing liquid 
nitrogen. The fine powder was dissolved and further 
processed in CCLB solution in the assay kit. The resultant 
supernatants were collected and subjected to determin- 
ation of relative light units (RLU, synergy 2, Biotek, 
Germany), along with a group of standard samples in the 
kit. The concentration of luciferase in each sample was 
calculated on the basis of the standard curve. 

Detection of Ad antibodies concentration in sera 

On the other hind, we detected Ad antibodies concentra- 
tion in the sera to assess whether encapsulation of lipo- 
some can reduce Ad clearance by systemic circulation. In 
brief, Ad-Null was diluted to 1 x 10 9 IFU /ml by 50 mM 
carbonate coating buffer (PH9.6). 100 \A diluted Ad-Null 
was added to every well of 96-well ELISA plate and the 
plate was put at 4°C for overnight. After washing, 150 (jl, 
1% BSA was added to the plate and blocked at 37°C for 1 
hour. Then, after washing, 100 \A different dilution at 
multi proportion of sera with positive and negative con- 
trols were added and incubated at 37°C for 90 minutes. 
After washing, 100 \A goat anti-mouse Ab tagged horse- 
radish peroxidase (HRP, 1:5000) was added and incubated 
at 37°C for 1 hour. After washing, TMB (3,3 ',5,5' 
tetramethylbenzidine) as chromogenic agent was added 
and incubated for 20 minutes at 37°C, followed by 0.5 M 
sulphuric acid as stop solution. The absorbance was read 
immediately at 450 nm in a micro-plate reader (3550-UV, 
BIO-RAD, USA) and the data was used for statistical 
analysis. There were the serum samples mixed form 3 
mice in each group, and each sample were applied to 3 
replicated wells. 
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Animal models and in vivo effects of Ad-PEDF/liposome 

Six to eight week-old female C57BL/6 mice were permit- 
ted one week to acclimate to their environment before 
manipulation. B16-F10 melanoma cells 5 x 10 5 were 
injected into C57BL/6 mice by tail vein in 100 ul 
phosphate-buffered saline. Five days later, mice were 
randomly divided into four groups: (1) Ad-PEDF plus 
liposome group (Ad-PEDF/Lipo), i.v. administration of 
1 x 10 8 IFU recombinant adenovirus plus 20 ug lipo- 
some; (2) Ad-PEDF group (Ad-PEDF), i.v. administration 
of 1 x 10 8 IFU recombinant adenovirus; (3) Ad-null plus 
liposome group (Ad-null/Lipo), i.v. administration of 
1 x 10 8 IFU plus 20 ug liposome; and (4) normal saline 
group. To observe therapeutic effects, all of the treat- 
ments were performed once. Mice were sacrificed when 
become moribund by day 18 in normal saline group and 
lungs from sacrificed mice were removed, the weight 
and metastasis nodules of lungs were collected; then 
lungs were fixed in 4% formaldehyde solution for 
immunochemistry staining and histological analysis. To 
observe survival time, mice were inoculated in the same 
way as above (n = 10 per group) and treated once per 
week for 6 weeks; residual mice in all groups were killed 
90 days after tumor establishment. 

To determine the effect of anti-angiogenesis treatment 
of Ad-PEDF/Liposome, frozen tissues were sectioned 
(5 mm) and fixed in acetone at 4°C. Sections were 
probed with a monoclonal anti-CD31 antibody and a 
secondary goat antibody (tetramethylrhodamine isothio- 
cyanate TRITC, dilution: 1:200). Then, the sections were 
visualized and microvessels were calculated with an 
Olympus microscope at x 200 magnification. 

Furthermore, the apoptotic cells within the metastatic 
site of B16-F10 melanoma tissue were evaluated by a 
commercially available TUNEL kit (Promega, Corporation, 
Madison, WI, USA), according to the manufacturers 
protocol. 

Statistical analysis 

SPSS 13.0 (SPSS Inc., USA) was used for statistical analysis. 
ANOVA was used to determine statistical significances in 
the comparisons in this study. The difference is considered 
as significant if p < 0.05. 

Results 

Morphological characteristic of Ad-liposome complexes 

The complexes of liposome and Ad were verified by a 
transmission electron microscope. As the photos of TEM 
showed, there was nothing around the naked Ad as con- 
trol (Figure la), while the adenoviral particles were evenly 
encapsulated within the liposome (Figure lb). The size of 
the complexes was between 80-120 nm and the adeno- 
viral particles were evenly distributed within the DOTAP 
and cholesterol liposome (Figure lc). 



Encapsulation of liposome enhances transfection 
efficiency of Ad in vitro 

The recombined adenovirus-encoding GFP were gener- 
ated to detect transfection efficiency for B16-F10 melan- 
oma cells. We tried to use fixed amounts of Ad-GFP to 
incubate with varying concentrations of liposome and then 
infected B16-F10 melanoma cells, deficiency of CAR [32] 
(data not shown). We found that Ad-GFP encapsulated 
with DOTAP and cholesterol liposome shows increased 
transfection ability in B16-F10 melanoma cells. GFP ex- 
pression increased and then reached a peak with increas- 
ing concentrations of DOTAP and cholesterol liposome 
within 10 ug and then Ad-GFP expression was decreased 
with increasing concentrations of DOTAP and cholesterol 
liposome (Figure 2a). On the basis of these data, we 
selected liposome: Ad-GFP ratios of 10 ug: 5 x 10 7 IFU for 
further studies. Then, we detected expression of PEDF in 
B16-F10 melanoma cells transfected by the Ad-PEDF/ 
Liposome complexes for 72 h using western blotting 
analysis. As shown in Figure 2b, PEDF was measured in 
supernatant from B16-F10 melanoma cells infected by 
Ad-PEDF/Liposome, Ad-PEDF or Ad-null. Obviously, 
the expression of PEDF transfected by the Ad-PEDF/ 
Liposome complexes was much higher than that of Ad- 
PEDF and there was noting in Ad-null infected cells. 
These results indicated that the Ad-PEDF/Liposome 
complexes could increase the expression of PEDF in 
B16-F10 melanoma cells. 

Then, we used DOTAP and cholesterol liposome- 
encapsulated Ad-GFP to infect B16-F10 melanoma cells 
with the existence of Ad-neutralizing antibody. The re- 
sults showed that the pre-existing neutralizing antibody 
failed to block the DOTAP and cholesterol liposome- 
encapsulated Ad-GFP infection to B16-F10 melanoma 
cells (Figures 2c-e). These findings indicated that the 
DOTAP and cholesterol liposome-encapsulated Ad-GFP 
can infect CAR-negative cells in a CAR-independent 
way. 

Enhancement of apoptosis in B16-F10 melanoma cells by 
Ad-PEDF/liposome complexes 

We determined apoptosis in B16-F10 melanoma cells 
infected by Ad-PEDF/Liposome complexes for 72 h 
using Flow Cytometry. As shown in Figure 3, there were 
almost no apoptotic cells in the control and Ad-Null 
group while a low sub-diploid peak can be seen in Ad- 
PEDF treated group and the sub-diploid peak became 
higher with the ratio of Ad-PEDF/Liposome complexes 
treated group at 10 ug: 5 x 10 7 IFU. These results indi- 
cated that Ad-PEDF encapsulated with liposome could 
enhance apoptosis, because liposome can improve infec- 
tion efficiency of Ad-PEDF in B16-F10 melanoma cells, 
with the result of more expression of PEDF to cause 
more apoptosis of B16-F10 melanoma cells. 
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Figure 1 Particle diameter and TEM photo of DOTAP and cholesterol liposome-encapsulated Ad. The complex of Ad and liposome was 
visualized by a transmission electron microscope. The naked adenovirus (a) and adenoviral particles encapsulated by DOTAP and cholesterol 
liposome (b). Both the Ad/Liposome complex and Ad alone shows average particle diameter of the particles, red line represent for Ad alone; 
black line represent for Ad/Liposome complex (c). 



Encapsulation of liposome changed the distribution of Ad 
in vivo 

We determined the distribution of Ad encapsulated with 
liposome by using the luciferase reporting system. As 
shown in Figure 4a, we found that the expression of lucif- 
erase of the control groups was high in liver and low in 
other tissues. However, the luciferase of Ad-luc/Liposome 
expressed much higher in lung, and significantly lower 
in liver. There was no notable difference in other tis- 
sues such as heart, kidney and spleen. This indicated 
that Ad encapsulated with liposome could change the 
distribution of Ad in vivo, resulting in decreased clear- 
ance of Ad by liver and increased gene expression effi- 
ciency to lung. 



Encapsulation with liposome of Ad-PEDF reduces Ad 
antibody 

For detection of Ad antibody response of Ad-PEDF/ 
Liposome complexes, we collected the sera from the 
treatment groups and controls and measured the Ad 
antibody concentration in the sera of each group. As 
Figure 4b shown, on day 20 after B16-F10 melanoma 
cells injection, at the dilution titer of 1:100, Ad antibody 
level of Ad-PEDF/Liposome or Ad-Null/Liposome group 
was significantly lower than that of Ad-PEDF group. 
This result suggested that the availability of repeated 
and systemic administration with Ad-PEDF/Liposome 
could effectively reduce the amount of Ad antibody and 
inhibit angiogenesis. 
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Figure 2 The Ad/Liposome complex shows enhanced transfection capacity in B16-F10 cells. B16-F10 cells were transfected at different 
liposome and Ad-GFP ratio. After infected for 48 h, the percentage of GFP expression was determined by FACS analysis (a). Three replicates were 
performed for each treatment. The data shown are mean ±s.d. {*P< 0.05). Expression of PEDF protein in B16-F10 cells was determined by 
western blot (b). Lanel: transfected with Ad-PEDF liposome complex (Ad-PEDF/Liposome) at a ratio of 5 x 10 7 IFU/10 ug; Iane2: transfected with 
Ad-PEDF alone (Ad-PEDF); Lane3: untreated. Then, B16-F10 cells were transfected with Ad-GFP (c) and Ad-GFP/Liposome (d) at a ratio of 5 x 10 7 
IFU/10 ug. Besides, neutralizing antibodies of Ad vector pre-incubated B16-F10 cells were also transfected with Ad-GFP/Liposome complex at the 
same concentration (d). Ad-GFP/Liposome complex transfection noticeably enhanced the efficacy of Ad than that in Ad-GFP transfected B16-F10 
cells. However, neutralizing antibodies against Ad vector only partially downregulated GFP expression (e) and data are expressed as percentages 
(f). Bars, SD; columns, mean. 



Encapsulation of liposome enhances antitumor effects of 
Ad-PEDF in vivo 

After confirmation of the success for Ad encapsulated 
with liposome transfer and expression in vitro, as well as 
increasing gene expression to lung in vivo, we examined 
the antitumor efficacy of Ad-PEDF/Liposome treatment 
in a murine pulmonary metastases model Figure 5a 
shows representative images of pulmonary metastases of 



B16-F10 melanoma in each treatment group. It was ob- 
vious that the mice treated with the Ad-PEDF/Liposome 
complexes bore less pulmonary metastatic nodules than 
those of mice in other groups. The inhibitory effect on 
metastases of Ad-PEDF/Liposome complexes was reflected 
in a statistically significant reduction in weight of the 
lung compared to other groups. The weight of the lungs 
from each group is presented in Figure 5b. The mean 
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Figure 3 Apoptosis of B16-F10 cells induced by Ad-PEDF/Liposome in vitro. Apoptosis cells were determined by flow cytometry. The 
groups are as follow: (a) NS (normal saline), (b) Ad-Null/Liposome, (c) Ad-PEDF, (d) Ad-PEDF/Liposome. Data are expressed as percentages (e). The 
Ad-PEDF/Liposome group showed a significant increase in apoptosis compared with other groups (*P < 0.01). Bars, SD; points, mean (n = 3). 
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Figure 4 Detection of host response followed systemic administration of Ad-luc/Liposome. (a) The expression of luciferase of the control 
groups was high in liver and low in other tissues. However, the luciferase of Ad-luc/Liposome expressed much higher in lung, and significantly 
lower in liver {*P< 0.01). There was no notable difference in other tissues such as heart, kidney and spleen (P> 0.05). (b) Specific anti-Ad 
antibodies in sera. The level of specific anti-Ad immunoglobulins present in the serum of each group was evaluated by ELISA. The values showed 
that anti-Ad antibodies in Ad-Null/Liposome and Ad-PEDF/Liposome groups are significantly decreased than Ad-PEDF {*P< 0.01). Bars, SD; 
columns, mean (n = 5). 
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Figure 5 Anti-cancer effects of Ad-PEDF/Liposome in vivo, (a) Antitumor effects. Tumor-bearing mice were treated with NS, Ad-Null/ 
Liposome, Ad-PEDF and Ad-PEDF/Liposome. There was a significant difference in lung metastasis between PEDF (Ad-PEDF and Ad-PEDF/ 
Liposome) treated group and other groups in both number of pulmonary metastatic nodules (b) and lung weight (c) (P < 0.01). There was also a 
difference between the Ad-PEDF group and Ad-PEDF/Liposome group (P< 0.05). Bars, SD; points, mean (n = 5). A significant increase in survival 
was found in Ad-PEDF/Liposome-treated mice (d) (n = 10, P< 0.05, log-rank test). 



weight in Ad-PEDF/Liposome group was 0.27 g, 0.43 g 
in Ad-PEDF group, 0.98 g in Ad-Null/Liposome group 
and 0.82 g in NS group, respectively. Moreover, the 
pulmonary metastatic nodules in each mouse were 
numbered, and results are presented in Figure 5c. From 
day 20 after B16-F10 melanoma cells inoculation, the 
number of lung nodules in Ad-PEDF/Liposome treated 
mice showed significant differences from those in 
controls (p < 0.05). The number of lung nodules in the 
Ad-PEDF/Liposome treated group was 5 and the meta- 
static tumors above 3 mm occupied 1.3%, in contrast to 
44 in Ad-PEDF group, 200 in Ad-Null/Liposome group, 
and 200 in normal saline group, in which the metastatic 
tumors above 3 mm accounted for 12.17%, 20% and 
22%, respectively. These results manifest that Ad-PEDF 
encapsulated with liposome can efficiently inhibit the 
growth of pulmonary metastases of B16-F10 melanoma 
in vivo. Survival time with the complex treatment group 
was significantly longer than other groups including the 
Ad-PEDF group (Figure 5d). 

To further determine the morphologic changes for the 
lungs of each treatment group, adjacent sections of lungs 
were stained with H&E. As shown in Figure 6a, in nor- 
mal saline group, there were a lot of metastatic tumors 
with huge volume to oppress the normal tissues of lung 
and destroy pulmonary alveoli and terminal bronchioles, 
resulting in pneumorrhagia. In Ad-Null/Liposome group, 
abundant metastatic nodules occupied normal tissue 
of lung to induce lung structure reduction and even 



disappearance. Compared with the controls, in the treat- 
ment groups including Ad-PEDF and Ad-PEDF/Liposome 
complexes, there were sporadic metastatic nodules on the 
surface of lung, but they were smaller and fewer with 
normal and clear lung structure in Ad-PEDF/Liposome 
group. This suggested that encapsulation of liposome 
can enhance the therapeutic effectiveness of Ad-encoding 
PEDF on pulmonary metastases of B16-F10 melanoma. 

To evaluate the result of anti-angiogenesis therapy, frozen 
tumor sections were stained with an endothelial-specific 
antibody against CD31 as before. The decreased micro- 
vessel densities were found in Ad-PEDF/Lipo-treated 
tumors. The micro-vessel density was counted in 
Figure 6. 

To prove whether the anticancer effects of the Ad- 
PEDF/Liposome complexes associated with the apoptotic 
cells, TUNEL assay was applied. As shown in Figure 7b-c, 
there were more green nuclei identified as apoptosis 
observed in the Ad-PEDF/Liposome complexes treated 
tumor tissue than those in other treated groups (p < 0.05). 
This suggests that inhibited pulmonary metastases of B16- 
F10 melanoma by the Ad-PEDF/Liposome complexes 
may be induced by apoptosis. 

Toxicity observation 

To evaluate the health status of mice in each group, the 
weight of mice was monitored once every 3 days after 
mice were treated with Ad-PEDF/Lipo (i.v. administra- 
tion of 1 x 10 8 IFU recombinant adenovirus plus 20 ug 
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Figure 6 Inhibition of tumor angiogenesis by Ad-PEDF systemic administration. Tumors were harvested from NS (a), Ad-Null/Liposome 
(b), Ad-PEDF (c), or Ad-PEDF/Liposome (d) treated mice. Frozen tissue sections were fixed and treated with anti-CD31 antibody. The stained 
sections were visualized. Significantly decreased micro-vessels were observed in the Ad-E/Lipo-treated group compared with other groups 
(e, indicates P < 0.05). 



liposome), Ad-PEDF (i.v. administration of 1 x 10 IFU 
recombinant adenovirus), Ad-null/Lipo (i.v. administration 
of 1 x 10 8 IFU plus 20 ug liposome) and normal saline. No 
significant differences in weights were found among all 
the groups (Figure 8a). Furthermore, we determined 
whether encapsulation of liposome had the toxic and side 
effect on other normal tissues of Ad-PEDF/Liposome 
complexes with H&E staining. The organs including heart, 
liver, spleen and kidney kept primitively normal without 
inflammatory cells infiltration and necrosis (Figure 8b). 
This result indicated that Ad encapsulated with liposome 
appeared no obvious toxic reaction to normal tissues. 

Discussion 

Melanoma which derived from neuroectoderm has a 
high malignancy with poor prognosis, due to the vascular 
and lymphatic metastasis during the late stage [6]. It still 
remains a major clinical challenge in treating melanoma, 



and the existing therapeutic protocols are limited. Thus, 
the development of novel treatment approaches is 
required [3]. Angiogenesis has been shown to play a key 
role in tumor growth and metastasis. PEDF plays an 
important role in the process of angiogenesis of melan- 
oma, which could inhibit endothelial cell proliferation 
and migration toward many angiogenic inducer [17], 
and then prevents melanoma growth via angiogenesis 
inhibition [2,18]. PEDF displays broad anti-tumor activ- 
ity not only based on targeting of the tumor microenvir- 
onment (anti-angiogenic action) but also the tumor 
cells (direct anti-tumor action) [33]. Loss of PEDF 
enables migration, invasion and metastatic spread of 
melanoma [33], and constitutive over expression of 
PEDF could inhibit melanoma growth and metastasis 
[34] . So PEDF is an ideal target for treatment of melanoma, 
and it does have good efficacy on inhibition metastatic 
spread of melanoma in our study. 
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Figure 7 Histological analysis of tumors, (a) The Hematoxylin and eosin (H&E) staining of lung tissues. After mice were sacrificed histological 
sections were taken from lungs of mice, and analyzed at x 100 magnification. The mice treated with Ad-PEDF/Liposome showed a significant 
inhibition of the size of to the metastasis of B16-F10. (b) Detection of apoptotic cancer cells in B16-F10 metastasis in C57 BL/6 mice using TUNEL 
analysis. The percentage of apoptosis was determined by counting the number of apoptotic cells and dividing by the total number of cancer 
cells in the field (five high power fields/slide), (c) Percent apoptosis in each group. The group treated with Ad-PEDF/Liposome resulted in 
significantly increased apoptosis compared to that of other groups (*P<0.01). Bars, SD; columns, mean. 



PEDF-based gene therapy targets blood vessel- 
proliferating endothelial cells and cancer cells, however, 
intravenous and prolonged administration is required 
for better benefits in clinically administration. In this 
study, we utilized adenovirus to encode PEDF to inhibit 
angiogenesis of B16-F10 melanoma, due to its high gene 
transfection efficiency [35,36]. However the coxsackievirus- 
adenovirus receptor (CAR) levels are often low in tumor 
cells and could not be detected in the endothelial cells 
[37,38]. Therefore, we performed a systemic and repeated 
administration with cationic liposome-encapsulated adeno- 
virus to explore target and the antitumor effects in 
pulmonary metastases of B16-F10 melanoma model. 

Cationic liposome can not only protect negative macro- 
molecular drugs, but also deliver them to target cells 



[39-41]. Generally, the binding between adenovirus and 
targeting cells was dependent on the adenoviral fiber knob 
with CAR of the cell surface [31]. Cationic liposome can 
mask adenovirus and increase the efficiency of gene 
transfer in vitro and broaden vector tropism to various 
cells and tissues, as well as reduce immunogenicity 
in vivo [42-44], and thus provides a feasible way to 
improve the ability of adenovirus to infect the special 
tissue and cancer cells. Previous investigations have 
shown that complexation of Ad vectors with cationic 
lipids can improve infection of cultured cells [45-47]. 
Moreover, cationic liposome enhanced infection of Ad 
vectors mainly by improving the cellular uptake, altered 
bio-distribution and reduced immunogenicity of adeno- 
virus [28,48,49]. In this study, the liposome was composed 
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Figure 8 Toxicity observation, (a) Body weights of mice were plotted and the curve of the Ad-PEDF/Lipo-treated and Ad-null/Lipo-treated 

group paralleled very closely to that of the Ad-PEDF group and ns group with no significant differences among them (P > 0.05). (b) The 

Hematoxylin and eosin (H&E) staining of heart, liver, spleen and kidney. After mice were sacrificed histological sections were taken from lungs of 

mice, and analyzed at x 200 magnification. The organs kept primitively normal without inflammatory cells infiltration and necrosis in each group, 
k J 



of DOTAP and cholesterol, which kept liposome s cationic 
performance and its stabilization separately. Cholesterol 
incorporation into DOTAP liposome enhanced stability 
and uptake of the complexes of Ad vector with liposome 
and further improved the infection efficiency of CAR- 
deficient tumor cells [32]. Besides, we prepared the 
cationic liposome to encapsulate Ad vector and applied 
to detect bio-distribution of the complexes in vivo. 
Then we found that significantly more expression in 
lung and less expression in liver than Ad used alone. 
This suggested that the cationic liposome could alter 
the bio-distribution of Ad vector, which was in accord 
with the previous studies [49-51]. 

Furthermore, we investigated the anti-cancer effect by 
gene therapy mediated by the Ad-PEDF/Liposome com- 
plexes to pulmonary metastases of B16-F10 melanoma, 
on the basis of Ad vector encapsulated with cationic 
liposome increasing gene expression to lung. In vivo, 
Ad-PEDF/Liposome showed stronger inhibited angio- 
genesis, metastases of B16-F10 melanoma and increased 
apoptosis, as well as the growth of metastatic tumors 
than Ad-PEDF used alone. This result indicated that 
liposome-encapsulated Ad could prolong the expression 
of PEDF and there is more secreted transduction and 
PEDF secretion or because PEDF secretion is localized 
to the lung/tumor, these are need to be confirmed in 
future experiments. These findings support that the 



gene therapy strategy of anti-angiogenesis based on the 
cationic liposome is feasible for pulmonary metastases 
of B16-F10 melanoma therapy. 

However, there is another problem that adenoviral 
clearance due to vector immunogenicity in vivo induces 
the failure of repeated administration of recombinant 
adenovirus [52]. In our research, Ad antibody levels 
from complex-injected mice were significantly lower 
than those from Ad-PEDF injected alone. The cationic 
liposome has advantage as a physical barrier to Ad vec- 
tor and protects Ad-PEDF to escape from host immune 
clearance and extends blood circulation time. Therefore, 
Ad-PEDF/Liposome complexes can possibly be repeatedly 
applied via intravenous administration. These results indi- 
cated that anti-angiogenesis therapy medicated by Ad- 
encoding PEDF encapsulated with the cationic liposome 
profited to reduce tumor angiogenesis and metastases of 
B16-F10 melanoma. However, the complexes were unable 
to inhibit tumor growth completely. It is necessary to 
optimize liposomal formations and therapeutic scheme to 
gain better therapeutic efficacy. 

Conclusion 

In summary, we found advantages in the application of 
the cationic liposome-encapsulated Ad vectors to gene 
therapy. Anti-angiogenesis gene therapy mediated by 
adenovirus with the cationic liposome can be used to 
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synergize with PEDF and further inhibit the growth of 
B16-F10 melanoma. In the future, further improvements 
in formation method of the cationic liposome, as well as 
advancement of Ad vectors will take out to inhibit 
tumor growth fully and apply to other antitumor 
models, through optimizing the encapsulation of the 
cationic liposome with Ad. 

Abbreviations 

PEDF: Pigment epithelium-derived factor; VEGF: Vascular endothelial growth 
factor; Ad: Adenoviral vector; CAR: Coxsackie-adenovirus receptor; Ad- 
PEDF: Recombined adenovirus carrying PEDF gene; IFU: Infectious unit; 
TEM: Transmission Electron Microscope; Ad-GFP: Recombined adenovirus 
carrying GFP gene; FCM: Flow Cytometry; Ad-PEDF/Lipo: Ad-PEDF and 
Liposome complexes. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

HS S, LP Y and W W performed experiments, interpreted results, drafted 
manuscript. XQ S, XP L and M L designed experiments, interpreted results. ST 
L and HL Z conducted experiment. L L and YQ M interpreted results. B K and 
L Y made critical revision to manuscript. All authors have read and approved 
the final manuscript. 

Acknowledgments 

The study is supported by Program for New Century Excellent Talents in 
University (NCET) (NCET-1 0-0575) and the National Natural Science 
Foundation of China (Grant No. 31070815) and the National Natural Science 
Foundation of China (Grant No. 81101604). 

Author details 

1 State Key Laboratory of Biotherapy and Cancer Center, West China Hospital, 
West China Clinical Medicine School, Sichuan University, Chengdu, Sichuan, 
PR China. 2 State Key Laboratory of Biotherapy and Department of Head and 
Neck Oncology, West China Hospital, West China Medical School, Sichuan 
University, Keyuan Road 4, Chengdu, Sichuan, PR China, department of 
Oncology, The First Hospital of Lanzhou University, Lanzhou, Gansu, PR 
China. 

Received: 1 1 November 2012 Accepted: 14 March 2013 
Published: 3 April 2013 

Reference 

1. White RM, Cech J, Ratanasirintrawoot S, Lin CY, Rahl PB, Burke CJ, Langdon 
E, Tomlinson ML, Mosher J, Kaufman C, et al: DHODH modulates 
transcriptional elongation in the neural crest and melanoma. 

Nature 201 1,471:518-522. 

2. Abe R, Fujita Y, Yamagishi S, Shimizu H: Pigment epithelium-derived factor 
prevents melanoma growth via angiogenesis inhibition. Curr Pharm Des 
2008, 14:3802-3809. 

3. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ: Cancer Statistics, 
2008. CA Cancer J Clin 2008, 58:71-96. 

4. Folkman J: Angiogenesis in cancer, vascular, rheumatoid and other 
disease. Nat Med 1995, 1:27-31. 

5. Hahnfeldt P, Panigrahy D, Folkman J, Hlatky L: Tumor development under 
angiogenic signaling: a dynamical theory of tumor growth, treatment 
response, and postvascular dormancy. Cancer Res 1999, 59:4770-4775. 

6. Folkman J: Tumor angiogenesis: therapeutic implications. N Engl J Med 
1971,285:1182-1186. 

7. Folkman J, Shing Y: Angiogenesis. J Biol Chem 1992, 267:10931-10934. 

8. Papetti M, Herman IM: Mechanisms of normal and tumor-derived 
angiogenesis. Am J Physiol Cell Physiol 2002, 282:C947-C970. 

9. Miller JC, Pien HH, Sahani D, Sorensen AG, Thrall JH: Imaging angiogenesis: 
applications and potential for drug development. J Natl Cancer Inst 2005, 
97:172-187. 

10. Li VW, Ball RA, Vasan N, Li WW: Antiangiogenic therapy for squamous cell 
carcinoma using combinatorial agents. J Clin Oncol 2005, 23:1 99s- 1 99s. 



1 1 . Mahabeleshwar GH, Byzova TV: Angiogenesis in melanoma. Semin Oncol 
2007, 34:555-565. 

1 2. Blackburn JS, Rhodes CH, Coon CI, Brinckerhoff CE: RNA interference 
inhibition of matrix metalloproteinase-1 prevents melanoma metastasis 
by reducing tumor collagenase activity and angiogenesis. Cancer Res 
2007, 67:10849-10858. 

13. Del Vecchio M, Mortarini R, Canova S, Di Guardo L, Pimpinelli N, Sertoli MR, 
Bedognetti D, Queirolo P, Morosini P, Perrone T, et al: Bevacizumab plus 
fotemustine as first-line treatment in metastatic melanoma patients: 
clinical activity and modulation of angiogenesis and lymphangiogenesis 
factors. Clin Cancer Res 2010, 16:5862-5872. 

14. Struyf S, Burdick MD, Peeters E, Van den Broeck K, Dillen C, Proost P, Van 
Damme J, Strieter RM: Platelet factor-4 variant chemokine CXCL4L1 
inhibits melanoma and lung carcinoma growth and metastasis by 
preventing angiogenesis. Cancer Res 2007, 67:5940-5948. 

15. Zheng JN, Pei DS, Mao LJ, Liu XY, Sun FH, Zhang BF, Liu YQ, Liu JJ, Li W, 
Han D: Oncolytic adenovirus expressing interleukin-18 induces 
significant antitumor effects against melanoma in mice through 
inhibition of angiogenesis. Cancer Gene Ther 2010, 17:28-36. 

16. Tombran-Tink J, Johnson LV: Neuronal differentiation of retinoblastoma 
cells induced by medium conditioned by human RPE cells. 

Invest Ophthalmol Vis Sci 1 989, 30:1 700-1 707. 

1 7. Dawson DW, Volpert OV, Gillis P, Crawford SE, Xu H, Benedict W, Bouck NP: 
Pigment epithelium-derived factor: a potent inhibitor of angiogenesis. 
Science 1999, 285:245-248. 

18. Abe R, Shimizu T, Yamagishi S, Shibaki A, Amano S, Inagaki Y, Watanabe H, 
Sugawara H, Nakamura H, Takeuchi M, et al: Overexpression of pigment 
epithelium-derived factor decreases angiogenesis and inhibits the 
growth of human malignant melanoma cells in vivo. Am J Pathol 2004, 
164:1225-1232. 

19. Zhang CF, Xiang LH, Shen J, Zhang Y, Li J, Zheng ZZ: Expression of 
pigment epithelium-derived factor in human melanocytes and 
malignant melanoma cells and tissues: Is loss of pigment epithelium- 
derived factor associated with melanoma? Dermatoendocrinol 2009, 

1:108-113. 

20. Crystal RG, McElvaney NG, Rosenfeld MA, Chu CS, Mastrangeli A, Hay JG, 
Brody SL, Jaffe HA, Eissa NT, Danel C: Administration of an adenovirus 
containing the human CFTR cDNA to the respiratory tract of individuals 
with cystic fibrosis. Nat Genet 1994, 8:42-51. 

21. Dummer R, Hassel JC, Fellenberg F, Eichmuller S, MaierT, Slos P, Acres B, 
Bleuzen P, Bataille V, Squiban P, et al: Adenovirus-mediated intralesional 
interferon-gamma gene transfer induces tumor regressions in cutaneous 
lymphomas. Blood 2004, 104:1631-1638. 

22. Sterman DH, Recio A, Vachani A, Sun J, Cheung L, DeLong P, Amin KM, 
Litzky LA, Wilson JM, Kaiser LR, Albelda SM: Long-term follow-up of 
patients with malignant pleural mesothelioma receiving high-dose 
adenovirus herpes simplex thymidine kinase/ganciclovir suicide gene 
therapy. Clin Cancer Res 2005, 1 1:7444-7453. 

23. Li HL, Li S, Shao JY, Lin XB, Cao Y, Jiang WQ, Liu RY, Zhao P, Zhu XF, Zeng 
MS, et al: Pharmacokinetic and pharmacodynamic study of intratumoral 
injection of an adenovirus encoding endostatin in patients with 
advanced tumors. Gene Ther 2008, 15:247-256. 

24. Bergelson JM, Cunningham JA, Droguett G, Kurt-Jones EA, Krithivas A, Hong 
JS, Horwitz MS, Crowell RL, Finberg RW: Isolation of a common receptor 
for Coxsackie B viruses and adenoviruses 2 and 5. Science 1997, 
275:1320-1323. 

25. Hemmi S, Geertsen R, Mezzacasa A, Peter I, Dummer R: The presence of 
human coxsackievirus and adenovirus receptor is associated with 
efficient adenovirus-mediated transgene expression in human 
melanoma cell cultures. Hum Gene Ther 1998, 9:2363-2373. 

26. Morral N, O'Neal WK, Rice K, Leland MM, Piedra PA, Aguilar-Cordova E, Carey 
KD, Beaudet AL, Langston C: Lethal toxicity, severe endothelial injury, and 
a threshold effect with high doses of an adenoviral vector in baboons. 
Hum Gene Ther 2002, 13:143-154. 

27. Rivera AA, Davydova J, Schierer S, Wang M, Krasnykh V, Yamamoto M, Curiel 
DT, Nettelbeck DM: Combining high selectivity of replication with fiber 
chimerism for effective adenoviral oncolysis of CAR-negative melanoma 
cells. Gene Ther 2004, 1 1:1694-1702. 

28. Yotnda P, Chen DH, Chiu W, Piedra PA, Davis A, Templeton NS, Brenner MK: 
Bilamellar cationic liposomes protect adenovectors from preexisting 
humoral immune responses. Mol Ther 2002, 5:233-241. 



Shi ef al. Journal of Translational Medicine 201 3, 11 :86 
http://www.translational-medicine.eom/content/1 1 /I /86 



Page 13 of 13 



29. 



30. 



32. 



33. 



34. 



35. 



36. 



37. 



38. 



39. 



40. 



41. 



42. 



43. 



44. 



45. 



46. 



47. 



Steel JC, Cavanagh HM, Burton MA, Dingwall DJ, Kalle WH: Modification of 
liposomal concentration in liposome/adenoviral complexes allows 
significant protection of adenoviral vectors from neutralising antibody, 
in vitro. J Virol Methods 2005, 126:31-36. 

Yang L-P, Cheng P, Peng X-C, Shi H-S, He W-H, Cui F-Y, Luo S-T, Wei Y-Q, 
Yang L: Anti-tumor effect of adenovirus-mediated gene transfer of 
pigment epithelium-derived factor on mouse B16-F10 melanoma. 

J Exp Clin Cancer Res 2009, 28:75. 

Yang L, Wang L, Su XQ, Chen XC, Li D, Luo ST, Shi HS, Chen LJ, Wang YS: 
Suppression of ovarian cancer growth via systemic administration with 
liposome-encapsulated adenovirus-encoding endostatin. Cancer Gene 
Ther 2010, 17:49-57. 

Bonnekoh B, Greenhalgh DA, Chen SH, Bickenbach J, Block A, Rich SS, Krieg 
T, Woo SL, Roop DR: Adenovirus-mediated ex vivo immunogene and 
in vivo combination gene therapy strategies induce a systemic anti- 
tumor immune defense in the mouse B16 melanoma model. 

Adv Exp Med Biol 1998, 451:335-343. 

Orgaz JL, Ladhani 0, Hoek KS, Fernandez-Barral A, Mihic D, Aguilera 0, 
Seftor EA, Bemad A, Rodriguez-Peralto JL, Hendrix MJ, et al: Loss of 
pigment epithelium-derived factor enables migration, invasion and 
metastatic spread of human melanoma. Oncogene 2009, 28:4147-4161. 
Yang H, Grossniklaus HE: Constitutive overexpression of pigment 
epithelium-derived factor inhibition of ocular melanoma growth and 
metastasis. Invest Ophthalmol Vis Sci 2010, 51:28-34. 
Alemany R, Gomez-Manzano C, Balague C, Yung WK, Curiel DT, Kyritsis AP, 
Fueyo J: Gene therapy for gliomas: molecular targets, adenoviral vectors, 
and oncolytic adenoviruses. Exp Cell Res 1999, 252:1-12. 
Bauerschmitz GJ, Barker SD, Hemminki A: Adenoviral gene therapy for 
cancer: from vectors to targeted and replication competent agents 
(review). Int J Oncol 2002, 21:1 161-1 174. 

Cripe TP, Dunphy EJ, Holub AD, Saini A, Vasi NH, Mahller YY, Collins MH, 
Snyder JD, Krasnykh V, Curiel DT, et al: Fiber knob modifications overcome 
low, heterogeneous expression of the coxsackievirus-adenovirus 
receptor that limits adenovirus gene transfer and oncolysis for human 
rhabdomyosarcoma cells. Cancer Res 2001, 61:2953-2960. 
Raschperger E, Thyberg J, Pettersson S, Philipson L, Fuxe J, Pettersson RF: 
The coxsackie- and adenovirus receptor (CAR) is an in vivo marker for 
epithelial tight junctions, with a potential role in regulating permeability 
and tissue homeostasis. Exp Cell Res 2006, 312:1566-1580. 
Candiani G, Frigerio M, Viani F, Verpelli C, Sala C, Chiamenti L, Zaffaroni N, 
Folini M, Sani M, Panzeri W, Zanda M: Dimerizable redox-sensitive triazine- 
based cationic lipids for in vitro gene delivery. ChemMedChem 2007, 
2:292-296. 

Feigner PL, GadekTR, Holm M, Roman R, Chan HW, Wenz M, Northrop JP, 
Ringold GM, Danielsen M: Lipofection: a highly efficient, lipid-mediated 
DNA-transfection procedure. Proc Natl Acad Sci USA 1987, 84:7413-7417. 
Hui SW, Langner M, Zhao YL, Ross P, Hurley E, Chan K: The role of helper 
lipids in cationic liposome-mediated gene transfer. Biophys J 1996, 
71:590-599. 

Raja-Walia R, Webber J, Naftilan J, Chapman GD, Naftilan AJ: Enhancement 
of liposome-mediated gene transfer into vascular tissue by replication 
deficient adenovirus. Gene Ther 1995, 2:521-530. 
Kreuzer J, Denger S, Reifers F, Beisel C, Haack K, Gebert J, Kubler W: 
Adenovirus-assisted lipofection: efficient in vitro gene transfer of 
luciferase and cytosine deaminase to human smooth muscle cells. 
Atherosclerosis 1 996, 1 24:49-60. 

Sung MW, Lee SG, Yoon SJ, Lee HJ, Heo DS, Kim KH, Koh TY, Choi SH, Park 
SW, Koo JW, Kwon TY: Cationic liposome-enhanced adenoviral gene 
transfer in a murine head and neck cancer model. Anticancer Res 2000, 
20:1653-1656. 

Qiu C, De Young MB, Finn A, Dichek DA: Cationic liposomes enhance 

adenovirus entry via a pathway independent of the fiber receptor and 

alpha(v)-integrins. Hum Gene Ther 1998, 9:507-520. 

Lee SG, Yoon SJ, Kim CD, Kim K, Lim DS, Yeom Yl, Sung MW, Heo DS, Kim 

NK: Enhancement of adenoviral transduction with polycationic 

liposomes in vivo. Cancer Gene Ther 2000, 7:1329-1335. 

BykT, Haddada H, Vainchenker W, Louache F: Lipofectamine and related 

cationic lipids strongly improve adenoviral infection efficiency of 

primitive human hematopoietic cells. Hum Gene Ther 1998, 9:2493-2502. 



49. 



50. 



52. 



Chillon M, Lee JH, Fasbender A, Welsh MJ: Adenovirus complexed with 
polyethylene glycol and cationic lipid is shielded from neutralizing 
antibodies in vitro. Gene Ther 1998, 5:995-1002. 
Ma Z, Mi Z, Wilson A, Alber S, Robbins PD, Watkins S, Pitt B, Li S: 
Redirecting adenovirus to pulmonary endothelium by cationic 
liposomes. Gene Ther 2002, 9:1 76-182. 

Sullivan DE, Dash S, Du H, Hiramatsu N, Aydin F, Kolls J, Blanchard J, Baskin 
G, Gerber MA: Liver-directed gene transfer in non-human primates. 

Hum Gene Ther 1 997, 8:1 1 95-1 206. 

Jeong JS, Han SY, Lee YJ, Jung HL, Lee SW, Lim SJ, Hong SH: Gene transfer 
using liposome-complexed adenovirus seems to overcome limitations 
due to coxsackievirus and adenovirus receptor-deficiency of cancer cells, 
both in vitro and in vivo. Exp Mol Med 2008, 40:427-434. 
Natsume A, Mizuno M, Ryuke Y, Yoshida J: Cationic liposome conjugation 
to recombinant adenoviral vector reduces viral antigenicity. Jpn J Cancer 
Res 2000, 91:363-367. 



doi:1 0.1 1 86/1 479-5876-1 1 -86 

Cite this article as: Shi et al.: Systemically administered liposome- 
encapsulated Ad-PEDF potentiates the anti-cancer effects in mouse 
lung metastasis melanoma. Journal of Translational Medicine 201 3 11 :86. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



